ABSTRACT.--We present an analysis of bird distribution in small islands in the northern Lesser Antilles colonized principally from Guadeloupe. In spite of great differences among the islands in soils, rainfall, and vegetation, their avifaunas are strikingly uniform.
to imagine that they could be more different in topography, climate, and vegetation. Yet the wet and dry islands accommodate practically the same collections of bird species. This fact runs against the grain of our common sense and experience. The paper is organized into two major sections. The first inquires into the factors influencing the colonization of the 10 northern Lesser Antillean islands. In particular, we focus on the rainforest communities of these islands, because the paucity of forest birds in their faunas suggested that their forests should be strikingly impoverished in relation to those of larger source islands to the south. The second section examines the constancy of the colonization process in the Guadeloupe satellite islands of the iles des Saintes, Desirade, and Marie Galante. The locations of these islands, nearly equidistant from Guadeloupe and closer to it than to each other, suggest that they have been colonized independently. Together they constitute a replicated "natural experiment" of islands colonized from a common source.
LOCALITIES AND METHODS
One or another of us visited 11 Lesser Antillean islands in the course of this research. Intensive studies, including netting and species censuses, were undertaken at 9 sites on 8 islands. Four of the 9 sites were in montane rainforest and 5 in coastaJ scrub. Details follow below.
Rainforest sites.--The vegetation at each of these consisted of very old or virgin montane evergreen forest dominated by the typical association of Dactryodes and Sloanea. Canopy height varied somewhat between localities from 20 to 30 m depending on the degree of slope and exposure. It was greatest in Dominica, only slightly less in Guadeloupe, and least on Montserrat. Coastal scrub sites.
•All of these were on Gaudeloupe and its satellites. In its natural state, the xeromorphic scrub vegetation of the Antilles consists of two usually well separated layers, a tree canopy 4-5 rn high of legumes, Bursera, Tabebuia, etc., and a 1-2 rn understory of Croton, Hematoxylon, and other shrubby sclerophylls. Very little of this remains in anything resembling its original condition. Of our 5 sites, only the one on Terre de Haut (•les des Saintes) could be considered undisturbed; the rest were in various states of degradation, as explained later. Charcoal making followed by heavy grazing by cattle and goats convert natural scrub to nearly impenetrable spiny thickets of Acacia and Opuntia. This has happened throughout the Guadeloupe archipelago except on the •les des Saintes where it is only starting.
Our sites represent the best habitat available on each island.
• We also briefly visited Nevis, Antigua, and Barbuda. At each study site we set up a camp where we remained for 5-6 days. During this time we censused the local birdlife, taking notes on diets, foraging behaviors, etc., and operated mist nets to capture a sample of the birds using the airspace from 0.1 to 2 rn above the ground. The nets (12 m, 36-mm mesh) were strung in a long, nearly continuous line and operated from dawn to dark for a succession of 3 or 4 days. Birds 
FAUNAL HOMOGENEITY OF THE NORTHERN LESSER ANTILLES
The faunal homogeneity of the wet and dry northern Lesser Antillean islands would not seem so paradoxical if we could attribute it to stepping-stone colonization. This is a plausible suggestion, and there is evidence to support it. The two islands nearest to Guadeloupe, the presumptive source, are Montserrat, a wet island, and Antigua, a dry island (FIB. 1). Each has more species than any other in its respective chain. As Montserrat and Antigua are nearly as close to Guadeloupe (56 and 60 km) as they are to each other (38 km), it is reasonable to suppose that in the main they were colonized independently. Yet, surprisingly, 20 out of the 24 species known to occur naturally on Antigua (83%) also inhabit Montserrat (Table 1) . Thus, while stepping-stone filtering may result in somewhat reduced species densities in the most distal islands of the two arcs, it does not convincingly account for the strikingly similar communities of the wet and dry islands. Instead we must conclude, first, that the faunal homogeneity of the northern Lesser Antilles. is due to a very uneven distribution of colonizing ability among the species constituting the source fauna (i. e. certain species have colonized many small islands, others few or none), and second, that colonizing ability in most instances overrides the effects of habitat on the recipient island. The latter conclusion would offer an easy solution of the paradox if it turned out that the species that have successfully invaded the northern Lesser Antilles are To establish the habitat affinities of the birds present in the principal source region for the northern Lesser Antilles, we conducted systematic 2-week surveys of Guadeloupe and its neighbor, Dominica, visiting each major habitat and censusing its birdlife. We surveyed Dominica to be sure that the distributions we observed in Guadeloupe were typical of the whole source region, and because it harbors a number of species that do not occur on Guadeloupe.
Colonization in relation to habitat utilization.--Now we may examine the performance of the birds of Guadeloupe and Dominica as colonists in relation to their habitat affinities. Of the 44 land birds present on these two islands, 29 have established one or more populations in the northern Lesser Antilles ( Table 2 ). The most successful species, as judged either by the incidence of colonizing ability or the number of islands colonized, are those that inhabit coastal scrub or are habitat generalists (both scrub and rainforest). Although the 8 habitat generalists were uniformly successful, they account for only 28% of the proved colonists in the source • Projected population per net times 16, the modal number of nets used. See methods for further details.
• a = absent on island, c = exclusively coastal scrub, e = extinct, pc = present in forest canopy, pu = present in forest understory but not captured.
fauna. Thus only a part of the faunal homogeneity of the northern islands can be accounted for by preferential colonization by ecologically versatile species. Surprisingly, open country species have made a relatively poor showing, though four of them have been extending their ranges and may continue to spread into the abundant man-made habitat that awaits them (Crotophaga ani, Mimus gilvus, Molothrus bonariensis, and Sicalis luteola). Birds that inhabit rainforest exclusively are clearly the poorest colonists. This could be due either to inherent sedentary tendencies or to the fact that the tall trees of their habitat afford better shelter against the heavy winds that frequently buffet these islands. Of the 15 species that have not reached the northern Lesser Antilles, 11 are rainforest inhabitants and 7 do not occur on Guadeloupe, the most likely point of departure.
It is now apparent that the faunal homogeneity of the wet and dry chains results mainly from a poor representation of rainforest species on the wet islands. Judging from the species lists of these islands one would anticipate that their montane forests would harbor impoverished bird communities. Yet this expectation is not borne out by our results.
Comparison of rainforest sites.--We compared four rainforest sites, one each in Dominica, Guadeloupe, Montserrat, and St. Kitts (see Localities section for further details). These were all situated in undisturbed, middle elevation (>280 but <500 m) humid montane forest. In all cases our sampling and censusing activities were confined to the forest interior, at least 200 m from the nearest edge.
First, we note that the four islands vary over a factor of nearly 2 in the number of species they contain (Dominica 40, St. Kitts 23; Table 3 ). But species densities at the four localities we studied varied over only a 1.5-fold range. Already this suggests that the smaller faunas have undergone some form of internal adjustment. Such a trend is abundantly clear in the netting results. As many species were captured on the two target islands as on the richer source islands. This holds even if we discount the larger catches made on the two small islands by truncating the samples to equal netting efforts or to equal numbers captured. The maintenance of constant diversity over a gradient in insular species numbers requires the operation of compensating mechanisms. What are they? They are two: one that operates between habitats and one that operates within habitats. The first we can call ecological substitution, the replacement of missing species by trophically equivalent ones that invade from other habitats. The second entails adjustments in the vertical foraging ranges of the species present so as to maintain nearly constant within-layer diversity. Diamond (1971a) The Lesser Antillean hummingbirds provide a particularly fine example of competitive release. Dominica has four, a large (Sericotes) and small (Orthorhynchus) pair that live in coastal scrub and a large (Eulampis) and small (Cyanophaia) pair that inhabit montane forest. The large forest species (Eulampis) is widespread in the eastern Caribbean and was present at nearly constant relative density at all four of the localities we studied. On the other hand, the small forest species (Cyanophaia) is absent from Guadeloupe, Montserrat, and St. Kitts, where the small coastal species (Orthorhynchus) takes its place in montane forest at reduced density.
Flycatchers present a parallel situation. The source islands each possess two large-small pairs, one (Tyrannus-Elaenia) in coastal scrub, and one (MyiarchusContopus) in montane forests, though all four species can occasionally be found together around clearings in the interior. The large forest species (Myiarchus) is present on all the islands we studied except Montserrat, while the smaller species (Contopus) is present only on the two source islands. Again, the coastal scrub species (Elaenia) has moved into montane forest where the latter is missing, and also at apparently reduced density, though the catch rates for these canopy dwellers are only On Guadeloupe where Troglodytes is extinct, the other understory insectivore (D. plumbea) is extraordinarily common (Table 4) . On Montserrat and St. Kitts where neither of these birds occur, the Bananaquit (Coereba) is plentiful in the forest understory. It is also common in the forests of Dominica and Guadeloupe, but on these islands lives principally in the canopy and is only occasionally captured near the ground in nets.
Ecological relationships are more complex in the large frugivore trophic guild and, accordingly, the results are less easily interpreted. Cichlherminia was scarce at our Dominica site where Myadestes was common, and was relatively more common on Guadeloupe and Montserrat where Myadestes is absent. However, the two thrashers, Margaropsfuscus and M. fuscatus are far more abundant on St. Kitts and
Montserrat than their putative understory counterparts on Dominica and
Guadeloupe. Both these birds are present in the forest canopy of the latter two islands where, like the Bananaquit, they rarely descend to the level of nets. Why are they so common in nets on the two smaller islands? We can offer two explanations. One, which is not easily tested, is that the fruit-eating guild as a whole is overrepresented on the smaller islands, a condition that could result from unknown differences in the trophic bases of the communities.
The second possibility is more interesting because it sheds light on the mechanism would normally capture only the species that foraged lower. Now let us suppose that one of the species is missing at a species-poor locality. If the one that is present undergoes ecological release, by expanding its foraging zone to include that of its missing competitor, and proportionately increases its population density, nets would capture up to twice as many individuals per unit area. Hence one must be extremely cautious in drawing conclusions about avian densities from netting data. In the present study, we think it likely that the high population densities recorded on Montserrat and St. Kitts, especially those of Coereba and the two Margarops thrashers, are due to the mechanism just described. This plus the fact of taller forests on Dominica and Guadeloupe may be all that is necessary to account for the large disparities in the net yields obtained at the four localities. It is because of these uncertainties that we have stressed relative rather than absolute abundances.
COLONIZATION OF THE GUADELOUPE SATELLITE ISLANDS
We now report on a second set of results that in many ways parallel and complement the ones presented above. The object was to examine a set of coastal scrub communities that differed systematically in their avian species densities. We did this by carrying out similar netting and survey operations on each of the Guadeloupe satellites.
These islands all lie within sight of Guadeloupe to the southwest (iles des Saintes), south (Marie Galante) and southeast (Desirade), each being as close or closer to the main island than to any of the others, except for the twin islands Terre de Haut and Terre de Bas of the iles des Saintes. Thus we can presume that each was independently colonized from Guadeloupe. Together they form a graded series of island sizes and, concomitantly, of species densities. Relatively intact natural vegetation can still be found on the iles des Saintes, while the habitat at our Desirade and main island • Only those species found by us at the study sites are listed. 
Species numbers in the Guadeloupe archipelago vary from 15 on the •les des
Saintes to 34 on Guadeloupe itself, a difference of 2.3-fold (Table 5) . As was true of the rainforest sites, local species numbers varied over a reduced range (1.7-fold) and the diversity of the net samples over a still smaller range (1.3-fold if we disregard the spurious results from Marie Galante which may be an artifact of the poor quality of the vegetation there). Netting yields at the five stations varied from 11 to 30 birds/ net. The pattern of variation affords no obvious interpretation. There may be some effect of reduced vertical stratification on the smaller islands where up to 100% of the species present in the habitat were captured (Desirade) rs. 67% on Marie Galante and 74% on Guadeloupe. This effect is certainly much weaker than in rainforest where the vegetation is 10 or 15 times, rather than 2 or 3 times taller than the nets. Thus, though measured bird densities averaged 2.5 times greater in the coastal scrub localities than they did at the rainforest stations, the actual densities in the two types of habitat are undoubtedly much more nearly equal.
Ecological The most rudimentary community is that found on Terre de Bas (Table 6) (14) present at our study sites on the two islands, though it is probable that we would have found one or two additional species on the larger island had better quality habitat been available.
Guadeloupe contains 11 more species than Marie Galante, but only 4 of these, 3 of them frugivores, add to the scrub community (Geotrygon mystacea, Coccyzus minor, Euphonia musica, and Saltator albicollis: Table 6 ). Most of the remaining species occupy montane rainforest.
In North American bird communities, one finds the most confusing arrays of closely related species among the insectivorous guilds (MacArthur 1958). In sharp contrast, frugivorous birds predominate in the West Indies, and it is in this guild that we find the closest species packing. Comparing the scrub communities of Terre de Bas and Guadeloupe, we note the following. All guilds represented in the 18-member community of Guadeloupe are also present in the 11-member community of Terre de Bas. Of the additional 7 species in the Guadeloupe community, 5 are members of the fruit-and seed-eating guild. On Guadeloupe this guild includes 9 members that differ from each other in size by a (geometric) mean factor of 1.5. The fruit and seed eaters inhabiting Terre de Bas are less crowded in an ecological sense, and differ by a mean factor of 2.6, while mean values for the other islands are intermediate. The other 4 guilds remain uncrowded throughout with mean weight differences >•2.0.
DISCUSSION
Density compensation in island avifaunas.--Several years ago when we embarked on these studies we hoped it would be possible to discover a threshold species number below which density compensation would fail. As long as the members of a community have broadly overlapping niches, the addition or deletion of a few species should have a minimal impact on the total biomass or density of individuals, because such perturbations will be met with by compensatory internal adjustments in the community. Nevertheless, we reasoned, it should be possible, by working down a gradient of island size, to locate communities that are so rarified that niche overlap between the species is negligible. At this point density compensation should fail. In even poorer communities the mean abundance per species should remain constant, but the biomass or aggregate density should fall off in proportion to the number of species present. Diamond (197 lb) in fact reported just such a result from a group of islands near New Guinea. His data show a strong proportionality between netting yield and the locally available number of species over a range (27-132 species) that lies well on the high side of that in the studies we report here. Although we netted birds on 13
Caribbean islands ranging in size from Hispaniola down to the •les de Saintes, we can find no evidence for such an effect. Even on Mona Island where only 2 frugivorous species regularly enter nets, the avian biomass equals that achieved by 7 frugivorous species in a control locality in Puerto Rico (Terborgh and Faaborg 1973). The measurements we report here show no indication that bird population densities vary in any systematic way with the number of species locally present, whether in rainforest or coastal scrub. Moreover the net yields we recorded are an order of magnitude greater than those reported by Diamond for islands of similar size and species density. West Indian birds seem to have almost infinitely elastic niches. How then can Diamond's results be reconciled with ours? Unfortunately we cannot offer a satisfactory answer. The best clue is Diamond's comment that many of the species present at his netting stations, all of which were in interior forests, are good colonizers that inhabit coastal scrub on the source island of New Guinea. Earlier we noted that coastal scrub species have invaded the montane forests of the northern Lesser Antilles at appreciably reduced relative densities. Nevertheless the densities of just these species (recorded as the number captured per net-day) are still twice those reported by Diamond. It may be that the New Guinea scrub species suffer even more drastic reductions in abundance on entering forest vegetation. Whether this is the answer or not, more data from the southwest Pacific are needed to resolve the issue.
Determinants of colonizing success .--Although the two main parts of this paper have dealt with different sets of islands in different contexts, the results can be drawn together to produce a single conclusion. The wet and dry chains of islands in the northern Lesser Antilles considered in the first part, and the satellites considered in the second part, were colonized more or less independently from Guadeloupe. In view of this we are struck by the monotony with which a small subset of the Guadeloupe fauna appears on island after island. Colonizing success is very unevenly Birds that inhabit scrub habitats on the source islands achieve a much higher degree of colonizing success than those inhabiting forest, both because they seem to be better dispersers and because they show a distinctly greater versatility in accommodating to diverse vegetation conditions. The regular ordering of guilds on the Guadeloupe satellites suggests that dispersal ability alone is not a sufficient condition for establishment. The results imply that any potential colonist must fit into the structure of the community by being approximately twice as large and/or twice as small as its guild neighbors. Thus, some combinations of species are inherently incompatible and do not occur, while others occur repeatedly. Such community "assembly rules" have also been recognized in West Indian anoles (Williams 1969) and southwest Pacific birds (Diamond 1975) .
The difficulties of coexistence are eased on larger islands where ecologically similar species can achieve spatial separation by sorting into distinct habitats or by segregating vertically in tall vegetation. Tighter species packing is also tolerated on large islands because the increased living space permits even uncommon species to attain sufficient population levels to resist extinction. This is the likely explanation for why species that fit into gaps in weight series and reduce the mean level of separation within guilds (such as Saltator albicollis and Euphonia musica in the Guadeloupe archipelago) are confined to larger islands (cf. Diamond's 1975 discussion of "incidence functions").
The consistency with which the same group of species appears on so many small Lesser Antillean islands is thus not solely a consequence of superior dispersal ability. Arriving potential colonists (propagules) are stringently screened by more subtle ecological criteria: versatility in habitat occupancy, trophic status, and size in relation to guild neighbors. While accidents of dispersal alone would be expected to produce a haphazard pattern of island occupancy, the superposition of these added ecological constraints imposes an orderliness that accounts for the striking homogeneity of small island avifaunas in the Lesser Antilles.
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